Biologists often study phenotypic evolution assuming that phenotypes consist of a set of quasi-independent units that have been shaped by selection to accomplish a particular function. In the evolutionary literature, such quasiindependent functional units are called 'evolutionary characters', and a framework based on evolutionary principles has been developed to characterize them. This framework mainly focuses on 'fixed' characters, i.e. those that vary exclusively between individuals. In this paper, we introduce multilevel variation and thereby expand the framework to labile characters, focusing on behaviour as a worked example. We first propose a concept of 'behavioural characters' based on the original evolutionary character concept. We then detail how integration of variation between individuals (cf. 'personality') and within individuals (cf. 'individual plasticity') into the framework gives rise to a whole suite of novel testable predictions about the evolutionary character concept. We further propose a corresponding statistical methodology to test whether observed behaviours should be considered expressions of a hypothesized evolutionary character. We illustrate the application of our framework by characterizing the behavioural character 'aggressiveness' in wild great tits, Parus major.
Introduction
Biologists often study phenotypic evolution assuming that phenotypes consist of a set of quasi-independent units or parts that have been shaped by selection to accomplish a particular function [1, 2] . Consequently, the success of evolutionary research programmes depends to a large degree on whether such functional units have been properly characterized. For this reason, evolutionary biologists have developed an appealing conceptual framework (detailed below), in which these functional units are called 'evolutionary characters' [3] . Notably, despite the importance of labile characters in mediating interactions between organisms and their environment [4] , they have not been fully integrated into this framework. This is in part because labile characters (e.g. behaviour) vary both between and within individuals; previous implementations have instead primarily focused on fixed phenotypes (e.g. structural size). In this paper, we expanded this framework to integrate (any) multi-level structure and illustrate its application by characterizing behavioural phenotypes. We introduce a definition of 'behavioural characters' and propose a general methodology that enables empirical testing of novel hypotheses concerning the question of whether observed behaviours can be considered expressions of a hypothesized evolutionary character.
Central to our framework is the concept of evolutionary characters, which can be defined as parts of an organism that exhibit causal coherence in their expression and play a causal role in a biological process [3] . This definition has two important characteristics. First, its causal coherence refers to a set of inter-related mechanisms that are involved in the character's expression and makes it quasi-independent from other characters [5] . This 'modularity' is what enables the character to respond adaptively to selection [6] . Second, its explicit link to a biological process implies that a character is a 'functional unit' used by an organism for a particular task. An evolutionary phenotypic & 2013 The Author(s) Published by the Royal Society. All rights reserved. module or 'character' is thus composed of several elements that are functionally related [7] . Characters are themselves in turn hierarchically structured, where a functional unit can be considered a part of a higher level unit [8] . For example, one can consider the human hand as a character that is composed of five fingers and is used to grab objects and use tools. Each finger has a specific function and can be considered a character by its own, but because all fingers need to be used as a coherent functional unit when using tools, they must be tightly correlated in terms of length, shape and neurological underpinning [9] ; therefore, fingers of the same hand respond as a unit to selective forces and can be viewed as expressions of the same character. We propose to apply this general logic to behaviour and define behavioural characters by the causal coherence underlying their expression and the function that they accomplish for the organism.
We illustrate our behavioural character concept using aggressiveness displayed by territorial male great tits, Parus major (figure 1). We view aggressiveness as a behavioural character that dictates how an organism responds to agonistic interactions. Great tits express a wide array of behaviours during such encounters [10] that jointly execute a specific function: displacing intruders. We therefore a priori visualize aggressiveness as an unobserved-statistically called 'latent'-variable that affects multiple behaviours used in aggressive displays (visualized in figure 1 by arrows connecting the latent variable with the expressed behaviours). For example, during highly aggressive interactions, male great tits respond to a conspecific intrusion by calling while approaching and attacking if the intruder does not withdraw. By contrast, during less aggressive interactions, males sing from far away rather than calling and approaching close. Proximately, this functional coherence is owing to common mechanisms affecting the expression of all behaviours of the display (i.e. through pleiotropic effects of genetic or environmental factors; [11] ). This common (neurological or physiological) pathway enables different behaviours to be expressed as a functional unit. It is this proximate mechanism that evolves in response to selection and that represents the character [12] . We note that the terms phenotypic 'character' versus 'trait' are used interchangeably in the evolutionary literature. Traits are sometimes defined directly as observable variables that are biologically relevant; here, we simply call measured quantities 'observable variables' and refer to 'characters' as the inferred theoretical entities underlying the expression of functionally related observable variables. This borrows from the statistical and psychological literature where a distinction is made between attributes that are directly measurable versus those reflecting underlying unobservable quantities [13, 14] . We thus propose that behavioural characters represent unmeasured 'latent' variables that can be inferred from the expression patterns of behavioural observables.
Other fields of biology, especially human personality research, have a long and productive history of studying behaviour using latent variables [14] . Our approach is distinctly different because we explicitly address the issue of how one might integrate behavioural variation between individuals (cf. 'animal personality' [15] ) and variation within individuals (cf. adaptive 'individual plasticity' [16] ) when studying these latent variables (behavioural characters) from an evolutionary perspective (detailed further in the Discussion). We will continue our worked example to explain this unique aspect of our approach. If there is a latent variable (aggressiveness) affecting the expression of the different agonistic behaviours, it will cause between-individual and within-individual correlations between the agonistic behaviours (cf. [17] ). On the one hand, between-individual differences in aggressiveness owing to genetic differences or early-life experiences (visualized in figure 1 by the lower dashed box with arrows pointing to the latent variable) will result in between-individual correlations among behaviours of the display. Aggressive individuals should, for example, on average have high values for call rate as well as higher tendency to approach intruders. On the other hand, withinindividual plastic responses to environmental changes should result in correlated changes in all behaviours of the display within the same individual (visualized in figure 1 by the upper dashed box with arrows pointing to the latent variable), resulting in within-individual correlations. If an individual increases its level of aggressiveness, its call rate should increase and it should approach the intruder closer. Decomposition and comparison of behavioural correlations within versus between individuals therefore provides clues about whether a common underlying mechanism might underpin behavioural variation at different levels.
The behavioural character concept consequently comes with predictions about patterns of (co)variation between behavioural expressions of a character. First, each of the observed behaviours should show between-individual variation (i.e. non-zero repeatability) and part of this variation should be owing to individual differences in a latent variable, provided that the population harbours between-individual variation in the behavioural character. Second, behavioural expressions of the character should change in concert within the same individual in response to environmental change ('integration of plasticity'; [18] ), provided that the behavioural character is plastic within individuals. Third, similar non-zero behavioural correlations are expected between versus within individuals provided that the character also varies at both levels. Fourth, correlations between expressed behavioural observables should be the same in different environments in which the character is expressed Figure 1 . Diagram of the multi-level evolutionary character concept applied to avian agonistic behaviour. The behavioural character 'aggressiveness' is represented as a latent variable affecting the expression of observed behaviours (calls, approach distance, occurrence of attack and songs). The hypothesized expression of the latent variable is plastic within the same individual, as it varies as a function of environmental conditions (top-left), but also differs between individuals owing to genetic and environmental effects specific to the individual (lower-left). Consequently, expressed behaviours are correlated in a similar fashion between versus within individuals.
rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20132645 (e.g. breeding versus non-breeding contexts), and significant cross-environment correlations should exist if the same mechanism (character) affected the expression of behavioural observables in different environments [11] . Finally, a character should be quasi-independent from other characters to respond to selection as a unit [6] . Behavioural expressions of a character should therefore show some degree of independence from other behavioural characters.
We illustrate our thesis by analysing four behaviours that great tit males use when confronted with a territorial intrusion. We tested the hypothesis that these four behavioural observables were expressions of the behavioural character 'aggressiveness'. To do so, each male was subjected to a 'standardized territorial intrusion' four times per breeding season (year): twice during the egg-laying period of its social mate, at which time intrusions should increase risk of paternity loss [19] and consequently elicit a relatively aggressive response and twice when its social mate was incubating the clutch, at which time intrusions should not increase perceived risk of paternity loss and consequently elicit less of an aggressive response. We tested whether the data supported the hypothesis that the behavioural observables were indeed expressions of the same character ('aggressiveness').
We performed a four-step data analysis: we first ran univariate analyses where, for each of the behavioural observables separately, we estimated the amount of variance between and within individuals, as well as the level of behavioural plasticity with respect to breeding context. We expected that all behavioural observables would have a repeatable component and show a plastic response to the relative perceived threat of the intruder, provided that they represented expressions of the same repeatable but plastic behavioural character. Therefore as the second step, we quantified correlations between the different behavioural observables, asking whether they were correlated as hypothesized at each hierarchical level (i.e. between and within individuals) and in each environment (i.e. during laying and incubation). The integration of behavioural observables across environments was investigated using a character state approach [20] and assessed by testing whether correlations within environments (breeding contexts) and across environments ('cross-environment' correlations; [20] ) were consistent with the presence of a single common underlying mechanism. As the third step, we statistically evaluated the amount of support for the presence of a context-general latent variable. Finally, we asked whether 'aggressiveness' constituted a quasi-independent module by evaluating whether it was distinct from other presumed aspects of risk-taking behaviour, for example level of activity in a novel environment.
Material and methods (a) Experimental protocol
We studied 12 nest box populations of great tits in southern Germany (for details, see electronic supplementary material, appendix S1). Simulated territorial intrusions (i.e. aggression tests) were performed in the breeding seasons of 2010-2012. A taxidermic mount of a male great tit was presented as a visual stimulus with a playback song as an acoustic stimulus (detailed below). In each year, each male was subjected to four aggression tests during its first breeding attempt (defined as attempts initiated within 30 days after the first egg of the year in all of the plots was found; [21] ). Each male was subjected to two simulated territorial intrusions during egg-laying (1 and 3 days after its first egg was observed) and two during incubation (1 and 3 days after clutch incubation was confirmed). Owing to logistical constraints, the interval between first and repeat trials within-breeding context was more than 2 days for 7% of the 1150 repeat tests.
Aggression tests were conducted between 7.00 and 12.00; the specific time was semirandomly assigned. The taxidermic mount was presented 1 m away from the subject's nest-box on a 1.2 m wooden pole protected by a green wire mesh (see the electronic supplementary material, figure S1 ). Fifteen mounts and 14 playback song stimuli (recorded from German and Dutch populations) were constructed, enabling us to test whether the assayed behaviours represented responses to great tit mounts and songs in general rather than responses to their specific characteristics [22] ; one mount and one song (broadcasted with a Samsung U5 Digital Audio Player connected to a Radioshack Mini Amplifier) were randomly allocated to each test. One of 25 observers performed the observation at a distance of 15 m.
Following the onset of a focal test, we recorded the behaviour of the focal male for a period of 3 min after it had entered a 15 m radius around the box. The observer counted the number of calls and songs, estimated the minimum distance to the mount ('approach distance') and noted whether the subject attacked the mount ( jumping on the wire mesh of the mount; 'occurrence of attack'). (Descriptive statistics of each observable (cf. mean, range and standard deviation) are given in the electronic supplementary material, table S1.) For ease of interpretation, approach distance was multiplied by 21 (i.e. higher values represented a more aggressive response) in all the statistical analyses. Subjects that did not arrive within 15 min were scored as non-responsive. We performed 657 tests in 2010, 652 in 2011 and 937 in 2012, reflecting yearly breeding densities. Male identity was known for 1593 tests; in 1285 (80%) of these tests, the male responded. Analyses were based on these 1285 aggression tests, representing 365 unique (i.e. ringed) males. The number of responsive tests varied between males depending on number of years present and number of responses: 10 tests
(b) Statistical analyses (i) Univariate mixed-effect models
We modelled variation in each of the agonistic behaviours separately as a function of (fixed effects) breeding context (laying versus incubation), test sequence within-breeding context (first versus second trial), year (2010, 2011, 2012 ) and time of the day (measured as minutes after sunrise and expressed as the deviation from the average time of all tests). Random intercepts were included for the identity of the observer (n ¼ 25 levels), population (n ¼ 12), playback song (n ¼ 14), taxidermic mount (n ¼ 15) and subject male (n ¼ 365). We used the following error structure: approach distance was square root transformed and modelled with Gaussian errors, number of songs and calls (untransformed) modelled with Poisson errors and occurrence of attack (yes/no) with binomial errors. Adjusted repeatabilities were subsequently calculated as the between-individual variance divided by the sum of the between-individual and the residual variance [23] .
(ii) Multi-variate mixed-effect models Between-and within-individual correlations were estimated by fitting the assayed behaviours (approach distance, calls, songs and occurrence of attack) as four response variables into a single multi-variate mixed-effect model with random intercepts for individual identity. Further fixed or random effects were not included because our univariate analyses revealed that their effects were of minor importance (see Results and table 1). Breeding context rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20132645 strongly affected all of the behaviours (table 1) but was not included in the model because we wanted the within-individual covariance matrix to capture all sources of within-individual plasticity. Behaviour-specific error structure was applied as detailed above. Notably, the within-individual variance of 'occurrence of attack' was fixed to one because it is not estimable for binary data [13] ; within-individual correlations with this variable should consequently be treated with caution. Exclusion of this response variable did not change our general findings (see electronic supplementary material, table S2b).
Within-and cross-breeding context correlations were estimated at the between-individual level by treating each of the four behavioural observables as a distinct response variable for each breeding context (e.g. 'songs during laying' and 'songs during incubation'), resulting in a multi-variate mixed-effect model with eight response variables and random intercepts for individual identity. We consequently estimated, within the same model, betweenindividual correlations within and across breeding contexts. This model estimated 28 between-individual correlations (six withincontext correlations among all four behavioural observables Â 2 contexts þ 16 across-context correlations). Within-individual cross-context covariances were non-estimable (because the two breeding contexts cannot be experienced at the same time) and were therefore constrained to zero [17] ; further fixed or random effects were not included (detailed above).
To assess whether the behaviours were correlated as expected according to the behavioural character concept, we compared the similarity between the posterior distributions (defined below) of pairwise correlations between versus within individuals and between laying versus incubating, using the 'overlapping coefficient' [24] . We further applied Mantel tests to assess whether the two matrices differed in correlation structure.
(iii) Structural equation modelling
We applied structural equation modelling (a statistical technique that includes confirmatory factor analysis as a special case) to the between-individual covariance matrix derived from the mixedeffect model with eight response variables (detailed above). We evaluated relative support for each of four a priori considered scenarios (based upon their relative AIC-values): (i) the absence of any latent variable (figure 2a); (ii) the presence of a single latent variable affecting all behaviours in both contexts (figure 2b); (iii) the presence of two context-specific latent variables (figure 2c) and (iv) the presence of two correlated but context-specific latent variables (figure 2d).
(iv) Quasi-independence of behavioural modules
We tested for quasi-independence of the hypothesized aggressiveness module by assessing whether the four agonistic behaviours (occurrence of attack, approach distance, calls and songs) were correlated with another observed behaviour, the individual's level of activity when placed into a novel environment (see [25] and electronic supplementary material, appendix S2). We estimated the correlations between the four hypothesized behavioural expressions of the character aggressiveness and activity in a novel environment by fitting them all as response variables into a multivariate mixed-effect model with random intercepts for individual identity (1-277).
(v) Parameter estimation methods
We used R statistical environment v. 3.0.2 for all statistical analyses [26] . Mixed-effect models were fitted using Monte Carlo Markov chains in the MCMCglmm package [27] , which retrieves posterior distributions of estimated parameters. We subsequently rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20132645 calculated the mode and 95% credible interval (CI) for each parameter. This Bayesian approach allows for uncertainty to be appropriately carried forward to follow-up analyses [28] . Structural equation models were fitted with the 'sem' package [29] . Model implementation and procedures used for taking forward uncertainty from one analysis to the next are detailed in the electronic supplementary material, appendix S3.
Results (a) Sources of variation in behavioural observables
A substantial part of phenotypic variation in each of the observed agonistic behaviours was explained by differences between individuals. CIs for repeatability were never close to zero, implying strong support for the presence of betweenindividual variation. Adjusted repeatability ranged between 0.21 and 0.38 ( 
(c) Between-individual correlations within-versus across-breeding contexts
Signs and magnitudes of between-individual within-breeding context correlations were very similar for the two breeding contexts ( [19] . Crossbreeding context correlations between different behavioural observables were of the same sign as their withincontext counterparts, but the former correlations were less strong (table 2b) , again suggesting some level of contextspecific expression of between-individual variance (i.e. hierarchical structure) in the presumed behavioural character.
(d) Structural equation modelling
Cross-context correlations were substantial but their withincontext counterparts were tighter (table 2), implying contextspecific but correlated submodules affecting the expression of the behavioural observables (cf. model (d) in figure 2 ). Our comparison of four a priori considered structural equation models supported this interpretation: model (d) was the single best-supported model; the upper 95% CI of its DAIC value did not overlap with the lower 95% CI of other models (figure 2). The presumed context-specific submodules (cf. latent variables) were, as expected, positively correlated (r (95% CI): 0.59 (0.24, 0.78); figure 4) .
(e) Quasi-independence of behavioural modules
The four observed agonistic behaviours were, as expected, not associated with activity in a novel environment. There was very little statistical support for correlations between observables that were a priori hypothesized expressions of the character 'aggressiveness' and activity in a novel environment. (see electronic supplementary material, table S4).
Discussion
This paper proposed an approach for the inclusion of 'labile characters' into the evolutionary character framework [3] and introduced a corresponding statistical methodology to test whether labile observables can be considered expressions of a hypothesized evolutionary character. We used the labile behavioural character 'aggressiveness' in great tits as a worked example to show that the character concept has novel rspb.royalsocietypublishing.org Proc. R. Soc. B 281: 20132645 predictions that are empirically testable when applied to multilevel phenotypes. Explicit to this framework is (i) that characters should be defined a priori as latent variables that affect functionally correlated observables, (ii) that if just one observable was measured, it would not be possible to validate whether it did reflect the character of interest, (iii) that both variation between and within individuals should explicitly be acknowledged and incorporated and (iv) that functionally unrelated observables also need to be measured to test for the quasi-independence of an hypothesized character from other ones.
(a) Novel predictions
Our multi-level implementation of the character concept introduced novel predictions that concern specific variance components [17] of observables. First, all labile observables that are a priori hypothesized expressions of a labile character should logically contain between-individual variance if the character itself contains between-individual variation. A statistical outcome where some but not all hypothesized expressions of a character showed between-individual variation would suggest that the hypothesis was false. Second, all labile observables should respond in concert to variation in the environment if they belong to a functional unit [11] . If one of the observables would not show a plastic response to a specific environmental gradient while others did, they would not all be expressions of the same character. Third, labile observables should correlate similarly at all hierarchical levels at which the latent variable varied. In summary, the characteristic multi-level nature of labile characters will enable researchers to test predictions that have not previously been considered in evolutionary character theory. We applied this logic to the between versus within individual level, but it would equally apply to others (e.g. between versus within populations; [30] ). Assessment of similarity in betweenindividual correlation structure when comparing contexts (cf. laying versus incubation in our worked example) constitutes another test of the same idea.
(b) Empirical testing of predictions
In our worked example, we defined aggressiveness as a latent variable affecting the expression of behaviours used in aggressive interactions. We subsequently tested whether four behaviours used in aggressive interactions were indeed expressions of this labile character. We found betweenindividual differences in all assayed behaviours (table 1) that were partly attributable to hypothesized latent variables (figure 4). These observables were all plastic in a coordinated way as expected based upon level of intruder threat (effect of breeding context: table 1). This suggests a common underlying proximate mechanism that makes the aggressive display a functional unit. Patterns of correlation within and between individuals agreed with this interpretation: all expressed behaviours were associated, and in a very similar way, within and between individuals (figure 3). Sign and magnitude of the between-individual correlations also did not differ between breeding contexts (table 2) , despite substantial levels of crosscontext plasticity (table 1) . Furthermore, an individual's typical value for a focal behaviour was repeatable across breeding contexts (i.e. cross-environment correlations were positive; table 2), supporting the notion of a common context-independent mechanism affecting all agonistic behaviours. At the same time, between-individual within-context correlations were somewhat tighter than their cross-context counterparts (table 2) , implying partial context-specific modularity (figure 4). Those modules were positively correlated, implying that they represented submodules of an overarching context-independent latent Table 2 .
(a) Between-individual correlations between the same agonistic behaviour across the two contexts; (b) between-individual correlations between two different agonistic behaviours within breeding contexts (i.e. both behaviour 1 and 2 are measured within the same context) and across breeding contexts (i.e. behaviour 1 is measured during laying and behaviour 2 instead during incubation or vice versa). We give point estimates for each parameter with their 95% CI.) (c) Why study behavioural characters?
The study of behaviour has a long history in fields of evolutionary biology (cf. animal behaviour and behavioural ecology), with research programmes focusing on a diverse array of topics, such as proximate causation, development and function of behaviour [31] . The proposed application of the evolutionary character concept in the study of behaviour will, in our opinion, greatly help researchers in deciding whether observed behaviours do or do not quantify the 'characters' that correspond to those for which adaptive theory has been developed. For example, theory predicts that betweenindividual variation in future fitness expectations can explain between-individual variation in 'risky behaviour' [32] . Tests of theory would involve manipulation of state-variables to quantify whether an individual's risky behaviour changed in the direction predicted by theory. However, the validity of the empirical test would hinge critically on whether the assayed behaviour did indeed represent a risky behaviour. Researchers may thus inappropriately interpret empirical tests of a given theoretical model because they did not measure the target character [33, 34] . The usefulness of the proposed framework is further illustrated by our empirical example: if we had only measured the amount of songs produced as a proxy of aggressiveness, we could have arrived at the conclusion that the more songs produced the more aggressive was the response. Our empirical example implied that more aggressive displays were, in contrast, characterized by a lower-not higher-number of produced songs (figure 4). Other fields of biology have, notably, been pioneers in some elements of our proposed approach. Specifically, human personality psychology has a long history of focusing on latent variables in the study of behaviour [14] , where techniques such as the 'multi-trait multi-method' approaches [35] are commonly used to examine the validity of measurements of latent variables. Nevertheless, key characteristics of behavioural characters, such as within-individual variation owing to adaptive responses to the environment (i.e. 'individual plasticity') and its multi-variate extension (i.e. 'integration of plasticity' [18] ), are not fully embedded in human personality research. The treatment of within-individual variation as personality 'signatures' [36, 37] in psychology does not, in our reading, appear to be based on evolutionary principles. By contrast, within-individual variation owing to adaptive individual plasticity represents a key concept in evolutionary biology [16] . A possible reason for this mismatch could be the prevailing type of experimental design in human psychology [37] , where individuals (or their peers) are typically-though not always-subjected to questionnaires that asks about the subject's typical behaviour (i.e. average, long-term response) in a diverse range of (social and non-social) situations. Our proposed approach would instead require repeated exposure to the same questionnaire (over an environmental gradient), such that within-and between-individual (co)variances can be estimated explicitly. Fully integrating multi-level (co)variation in characterizing labile characters would, in our view, represent a very fruitful expansion in both evolutionary biology and human psychology research. The hierarchical nature of behaviour and other labile phenotypes represents a key aspect of the evolutionary character framework [3] . At the lowest level of the hierarchy are the behaviours observed in a particular context; those may represent expressions of a lower order character. Two of such lower order characters were evident in the great tit dataset (i.e. 'aggressiveness during laying' and 'aggressiveness during incubation'; figure 4). If such lower order characters represented evolutionary modules with partial-though not full-overlap in function, they should in turn be partly underpinned by a higher order (i.e. context general) character. Indeed, the positive correlation between the two context-specific latent variables supported the existence of such a higher order character (figure 4), which we might (objectively) call 'aggressiveness during the reproductive season'. One could readily extend this approach by including agonistic behaviours expressed in other contexts, for example those expressed outside the reproductive season (e.g. winter dominance interactions). This would yield insight in the generality versus (seasonal) specificity of aggressiveness as a character.
Inclusion of observed behaviours expressed in related but functionally distinct contexts would help to reveal the existence of higher order behavioural characters. For example, a higher order behavioural character representing 'willingness to take risk' might modulate lower order characters, such as aggressiveness, anti-predator boldness and exploratory tendency. An analogy in human psychology-a field that fully acknowledges hierarchical structuring-would be that 'orderliness', 'achievement striving' and 'cautiousness' are all part of a broad factor known as the personality axis 'conscientiousness' [38] . We illustrated this idea empirically by testing whether or not aggressiveness and activity in a novel environment were associated (see electronic supplementary material, table S4). This was not the case, implying that aggressiveness during the reproductive season was quasi-independent of activity in a novel environment, suggesting that the postulated higher order character did not exist in this case. Nevertheless, even if distinct modules (characters) would underpin behaviour in different functional contexts, correlations among them may be observed (cf. 'behavioural syndromes'; [39] ). Functionally unrelated behavioural characters might also share proximate mechanism owing to the redundancy in expression pathways [6] resulting in an overarching modularity driven by constraints in the architecture of behaviour rather than functional coherence.
(e) The adaptive nature of behavioural characters As detailed in this paper, the functional coherence that defines a 'behavioural character' comes with predictions about the (multilevel) structure of behavioural (co)variation. Implicit to the framework is also the adaptive nature of modules, an assumption that can be tested empirically. Specifically, if the organism indeed benefits from functional units in the execution of a particular task (e.g. grabbing objects in our example of the human hand), we explicitly expect natural selection to favour correlations ('correlational selection'; [40] ) between the expressed observables (i.e. length of the five fingers). In the case of aggressiveness, we would thus expect strong correlational selection to act on the agonistic behaviours during egg production when ineffective displays, for example calling but not approaching, might have important fitness costs (for example, risk of paternity loss). While awaiting formal phenotypic selection analyses applied to our data, the structure of behaviour is in line with this notion: our point estimates of behavioural correlations were tighter during egg laying compared with incubation (table 2), and the latent variable 'aggressiveness during laying' explained more variance in the agonistic behaviours than its counterpart during incubation (figure 4).
(f ) Estimating behavioural character values
Researchers are continuously faced with the challenge of which behavioural data to incorporate in their analyses. What guidelines might one apply once the behavioural character concept has empirically been confirmed? We see two options. First, one could calculate a composite score derived from the structure of the latent variable. In the electronic supplementary material, appendix S4, we detail how an individual's score for the latent variable might be calculated (see also the electronic supplementary material, figure S2 ). This represents a more appropriate version of the traditionally recommended usage of composite scores from PCA within behavioural ecology [41] , while having the advantage of (i) being able to deal with missing data [13] and (ii) avoiding failure to acknowledge the statistical non-independence of repeated measures data [42] . Unfortunately, the usage of such latent scores for further analyses is without doubt more complex and in some circumstances may demand large sample sizes [17, 42] . Researchers might, therefore, alternatively use a single observable that closely predicts the behavioural character under study. Of course, such an approach would represent a less precise way of quantifying the character, but would also, logistically and technically, be less challenging. No matter which approach is chosen, it is important to acknowledge the distinction between behavioural characters and the behavioural observables. In some cases, the observable will accurately reflect the target behavioural character, though observables may represent expressions of multiple characters. Above all, we recommend that behavioural characters are defined explicitly in reference to a specific biological process and that behavioural observables should thus be labelled as objectively as possible. Doing so would help to avoid subjectivity in studying behavioural characters [43] .
Conclusion
Our proposed framework attempts to unite advances in different fields of research in the study of characters. Our framework integrates cross-disciplinary research paradigms, including the study of latent variables in human psychology, the multi-level approach in the study of labile characters in behavioural and evolutionary ecology and the conceptualization of phenotypic organization in evolutionary biology. Such a holistic framework will enhance our ability to characterize the structure of behaviour, and other labile characters, and place it firmly in the realm of evolutionary biology.
